Abstract-Because of the increase of the commercial sector in energy consumption and greenhouse gas emission, any successful response to the threats for achieving energy and environmental sustainability must be significantly considered. Specifically, airconditioning systems presently consume around 60 percentages of total energy consumption for providing space cooling and heating in commercial buildings. To improve these significant issues, building automation system (BAS) has been gradually increased in energy efficiency objectives, especially in large-scaled commercial buildings. Although a lot of published documents significantly demonstrate potential energy saving via BAS solution, there are considerable barriers to effective market penetration in terms of cost-prohibitive, non-scalable, nonflexible, inefficient energy management and preventive maintenance issues. To solve these issues, smart building solutions have been introduced and continuously developed over 10 years in developed counties. The concepts of the solutions are: 1) low capital and installation costs with returning on investment (ROI) being less than one year; 2) a non -invasive technique that does not interrupt normal operations and 3) plug-n-play (PnP) for self-configurable and self-scalable implementations. These approaches can enhance efficient energy management, productivity of occupant comfort and better decisions. The current article introducesthe aforementioned methodologies for enabling in commercial buildings consisting of: plug-n-play data exchange carrier, automated calibration, virtual sensing and modelling technology, automated diagnostics, decision-making and soft-repair technologies.
I. INTRODUCTION
Commercial buildings consumed 19 % of total energy in the US in 2010. In terms of floor space estimation [1] , commercial building is expected to reach 109.8 billion sq ft in 2035 -a 53% increase over 2003 levels. From this estimation of the commercial building expansion, building energy efficiency has been significantly improved over the past 20 years with several technologies (e.g. equipment efficiency improvement and building automation systems). After computerized control has continuously developed, intelligent buildings have been becoming interesting technology since the 1980s in the US. Specifically, building automation systems (BAS) which are one of the intensively used technologies has been installed and utilized for efficiently managing building energy consumptions. With the evolution of distributed systems and decreased cost computing and hardware, the installations of BAS in buildings increased by 80% between 1995 and 1999 [2] in USA. Although BAS can reduce energy consumption, optimize energy usage of heating, ventilation and air-conditioning (HVAC) systems by supervisory control, it has very high cost installations caused by wiring systems from distributed levels to the centralized control, data acquisition, process monitoring and high software programming costs. Also, it requires professional engineering teams and well-trained technicians for commissioning, routine operations and preventive maintenances. These factors incur barriers to effective market penetration of smart buildings.BAS is appropriate to install in high-rise or largescale buildings (9,300 square meters) because utility costs, annual productivity and annual operational and management costs are also high. BAS can save up to 15% of these costs resulting in shorter simple payback periods than installing BAS in small to medium-scale buildings.
To overcome the barriers of market penetration, efficiently distributed technologies should be developed for enhancing building energy efficiency of distributed levels leading to higher overall energy savings. Smart building solutions have been being developed for penetratingcurrent BAS marketin terms of systematically enhancing overall system and equipment energy efficiency in commercial buildings. The solutions mainly focus on non-invasive, low-cost and plug-nplay solutions including wireless mesh network for interfacing with existing BAS or for utilizing as a non-wired BAS system in buildings. With these aforementioned methodologies applied in the distributed levels of the existing BAS, return of investment (ROI) is improved within one year with noninterference of normal system operations. The article briefly presents the backgrounds and knowledge of the developed smart building solutions composing of plug-n-play data exchange carrier, automated calibration, virtual sensing and modelling technology, automated diagnostics, decisionmaking and soft-repair technologies. All techniques are applicable and significant opportunities to improve overall energy efficiency in buildings with and without BAS.
II. TRADITIONAL BAS
A BAS is one of the major intelligent building systems, and can refer to a wide range of computerized building control systems and intelligent building services through central computer stations. The building control of modern BAS utilizes four level architectures including: management level; integration level; field controller level and sensor/actuator level. per year or approximately equals to $1200 per year based on a typical 2,600 hour on the routine operation of an office building.
C. Virtual Sensing and Modelling Technology
Virtual sensing and modelling technology are mainly developed for expanding limited sensing with low-cost measurements and available data of manufacturers. In this article, the authors briefly mention measurement characteristics-based approach only.
Steady-state based approach is typically applied to quickly modelled process from changed inputs or slowly changed inputs of a system, so it is suitable for fault detection and diagnosis [7] , which is theoretically desirable to quasi-static process. In contrast to steady-state method, the transient-state based approach using a transient model to predict an immeasurable variable is typically appropriate for real-time feedback control or transient document used in fault detection and diagnosis (FDD) and model prediction [8] .
D. Automated Diagnostics, Decision-making and Soft-repair
Technologies Automated diagnostics can be fully referred to automated fault detection and diagnosis (AFDD) which currently plays increasingly important role in the operation and maintenance of HVAC equipment. Enabling AFDD can eliminate waste energy caused by faults and non-optimal operations in HAVC&R systems up to 30% in average [9] and enhance productivity and reduce maintenance costs by 70% of yearly preventative maintenance [10] . The generic procedures of automated diagnostics are: 1) Fault detection is the first step to monitor conditions of HVAC equipment or components whether they are normal or abnormal (problems). In the case of an abnormal condition detected, 2) fault diagnosis is further utilized to evaluate the fault and then determine its causes that can identify fault location in a system and 3) process recovery, also called intervention, will assess the significance of impact on system performance and then make a decision on how to respond to the fault and take actions to reduce the effect of faults. The process recovery includes fault evaluation, decision, and action. A novel technique called soft-repair can enhance decision making of process recovery in terms of reducing system intervention. Soft repair is "a novel technology utilizing adaptive control strategies so as to temporarily minimize the fault impact until the receipt of actual physical repair or ultimately eliminate the fault without any further physical intervention".
IV. CONCLUSION
Although BAS installations being one of intelligent building components have been increasing in USA or developed countries, there are significant barriers to effective market penetration due to high first cost installation and capital of BAS installation. In addition, low efficient energy management of a traditional BAS and lacking of experienced and sophisticated teams lead to long-term ROI and high preventative maintenance costs.
Especially, first cost installation and ROI become the primary factors for owners' decisions. With the example of cost breakdown analysis,a simple payback is around 9.5 years for the cost installation of a typical BAS. To tackle the limitations, smart building solutions have been introduced and explained in this article for increasing efficient energy management at field control levels. Each technique is non-invasive, self-scalable and flexible based on low-cost investment. Not only do smart building solutions save power consumption, but they also reduce maintenance costs and enhance productivity.
